Introduction {#s1}
============

Kratom is the common name used for *Mitragyna speciosa*, which is an evergreen tree that is found mainly in Southeast Asia. Extracts from the leaves of the kratom tree have been historically used to relieve pain and improve energy. The extract of kratom consists of many constituents including psychoactive alkaloids, of which no less than 25 different alkaloids have been identified. It acts as a stimulant at low doses, opioid-like at moderate doses and causes sedation at high doses \[[@R01]-[@R04]\].

While several studies attempted to understand the addictive potential of kratom \[[@R05]-[@R07]\], reports describing kratom toxicity manifesting in specific organs are relatively few \[[@R08]-[@R11]\]. Also, although kratom-induced cholestatic and/or hepatocellular pattern liver injuries have been reported \[[@R12]-[@R14]\], reports with detailed histopathologic examination of the liver biopsy are rare \[[@R15]-[@R17]\].

We report an unusual case of kratom-induced liver injury that mimicked anti-mitochondrial antibody (AMA)-negative primary biliary cholangitis (PBC) histologically, due to the presence of granulomas and duct injury in the liver biopsy. This particular histologic pattern of drug-induced liver injury (DILI) has not been documented in association with kratom use, to the best of our knowledge.

Case Report {#s2}
===========

A 40-year-old female with history of prediabetes, gastroesophageal reflux disease (GERD), and cluster headaches presented for follow-up, after hospitalization for abdominal pain that had been attributed to "hepatitis". About 8 weeks ago, she started a ketogenic diet in hopes to control her prediabetes. After 4 weeks, she suddenly developed acute abdominal pain associated with fevers. Lab work was notable for a total bilirubin of 5.1 mg/dL, aspartate aminotransferase (AST) 462 IU/L, alanine aminotransferase (ALT) 875 IU/L and alkaline phosphatase (ALP) 162 IU/L. A viral hepatitis panel and workup for Wilson's disease and alpha-1 antitrypsin deficiency were negative. Autoantibodies including anti-nuclear antibody (ANA), anti-smooth muscle antibody (ASMA) and AMA were negative. Imaging studies including computed tomography (CT) of the abdomen and pelvis with contrast, and magnetic resonance cholangiopancreatography (MRCP) showed nonspecific mild periportal edema only. There were no stones in the biliary tree or gallbladder. There was no biliary dilatation or features to suggest bile duct obstruction. Liver, spleen, gallbladder and pancreas were unremarkable. A liver biopsy was performed with the working diagnosis of autoimmune hepatitis versus PBC. She was discharged on prednisone 40 mg, to be tapered, as well as ursodiol.

Additional lab works were resulted after the liver biopsy. Immunoglobulin M (IgM) was 202 (reference range: 48 - 312) mg/dL, and immunoglobulin G (IgG) was 1,090 (reference range: 681 - 1,648) mg/dL.

The biopsy consisted of two cores of benign liver. The portal tracts were mildly expanded by inflammatory cell infiltrate, consisting of histiocytes, lymphocytes, neutrophils, eosinophils and a lesser number of plasma cells. The interlobular bile ducts showed signs of injury with epithelial disarray and nuclear hyperchromasia, and infiltrating lymphocytes ([Fig. 1a](#F1){ref-type="fig"}). A few damaged interlobular bile ducts were encased by vaguely formed granulomas ([Fig. 1b](#F1){ref-type="fig"}). In addition, a few portal venous branches showed endotheliitis ([Fig. 1c](#F1){ref-type="fig"}). A few small, poorly formed granulomas were identified in the lobules ([Fig. 1d](#F1){ref-type="fig"}). Scattered areas of ballooned hepatocytes were also noted. Iron stain and copper stain were negative. There was no fibrosis. Given the prominent duct injury associated with granulomas in conjunction with cholestatic and hepatitis pattern biochemistry, autoimmune hepatitis-PBC overlap syndrome and AMA-negative PBC were considered. However, given the lack of features of autoimmune hepatitis such as prominence of plasma cells, interface activity and marked lobular injury, AMA-negative PBC was finally favored, histologically.

![Representative microscopic images of the liver biopsy (H&E stain). (a) Marked interlobular bile duct injury with infiltrating lymphocytes within the ductal epithelium (× 200). (b) Vaguely formed granuloma encases a damaged bile duct (arrow) (× 309). (c) Endotheliitis with subendothelial lymphocytes (× 200). (d) Poorly formed lobular granulomas (arrows) (× 223).](gr-12-211-g001){#F1}

Approximately 5 weeks following the initial presentation, the patient was referred to a hepatologist at our institution for a second opinion. Recent blood work showed improved hepatic function panel. Also, her abdominal pain had improved. She denied fevers, chills, nausea, vomiting, or diarrhea. She reported some joint pain in her ankles and hands, changes in her vision and transient ankle swelling. On further questioning, she had taken oral contraceptive pills prior to her recent admission. She denied any alcohol use or intravenous drug use. However, she mentioned that she had been taking kratom once a week for the preceding month prior to the initial presentation. Also, she revealed the use of nettle leaf supplements for the past 4 - 5 years. The hepatologist recognized the association between kratom use and cholestatic hepatitis pattern injury. Taken together, the diagnosis of kratom-induced liver injury was rendered. The patient was advised to discontinue kratom, nettle leaf supplements, and oral contraceptive.

About 10 weeks following her initial presentation, she has been in the process of tapering her medication, and was feeling completely well. Blood work at that time was normal. Seventeen weeks after the initial presentation, she has been off the prednisone for several weeks. She was advised to stop ursodiol. Twenty-one weeks after the initial presentation, she was off all medication for more than 3 weeks. Her lab work continues to be normal ([Table 1](#T1){ref-type="table"}).

###### Liver Biochemistry

                         ALT (IU/L)   AST (IU/L)   Bilirubin (mg/dL)   ALP (IU/L)
  ---------------------- ------------ ------------ ------------------- ------------
  Initial presentation   875          462          5.1                 162
  3 weeks                60           16           0.6                 98
  5 weeks                28           16           0.6                 61
  19 weeks               24           12           0.3                 62
  Reference range        5 - 60       5 - 45       0.1 - 1.2           30 - 115

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase.

Discussion {#s3}
==========

With dual effects as a stimulant as well as an analgesic \[[@R01], [@R02]\], kratom is increasingly used in an attempt to relieve chronic pain or to relieve opioid withdrawal symptoms \[[@R03], [@R18]-[@R20]\]. Although it is considered a safe herbal extract with positive mood effects by some, many reports linking kratom to variable harmful outcomes including altered mental status, agitation, seizure, kidney injury, liver injury and even death, have emerged \[[@R08], [@R11], [@R12], [@R21]-[@R23]\]. Thus, the US Food and Drug Administration (FDA) did not approve kratom for any medical indications, but identified it as an unapproved drug and warned against its use \[[@R06], [@R11], [@R24]\].

Of the over 25 alkaloids identified in kratom, mitragynine and 7-hydroxymitragynine (7-HMG) are considered major active compounds \[[@R02], [@R25], [@R26]\]. They stimulate µ- and δ-opioid receptors, and the effects of both compounds are dose-dependent. Mitragynine also stimulates postsynaptic α2 adrenergic receptors and suppresses cyclooxygenase 2 (COX2) mRNA and its protein expression \[[@R01], [@R02]\]. Metabolism of mitragynine occurs via phase I and phase II mechanisms: hydrolysis, o-demethylation, oxidative and reactive reaction that ends with conjugation of glucuronide and sulfate, yielding a final metabolite excreted in urine \[[@R01], [@R02], [@R27]\]. It also blocks neuronal calcium channels with an effect at the neuromuscular junction level \[[@R28]\]. Still, data on the pharmacokinetics of kratom are limited and additional study is needed to better understand different metabolites and their effects \[[@R03], [@R28], [@R29]\].

A few studies documented liver injury caused by kratom \[[@R08], [@R12], [@R13], [@R15]-[@R17], [@R30]\], three with histologic examination of the liver biopsies \[[@R15]-[@R17]\]. Seven of the reported cases are summarized in [Table 2](#T2){ref-type="table"} \[[@R08], [@R12], [@R13], [@R15]-[@R17], [@R30]\]. In addition, hepatomegaly that is possibly associated with kratom use \[[@R31]\] has been reported.

###### Kratom-Induced Hepatotoxicity in the Literature

  Age   Gender   Presentation                                                           Kratom use         Abnormal LFT                              Imaging           Liver biopsy                                                                                                                                        Reference
  ----- -------- ---------------------------------------------------------------------- ------------------ ----------------------------------------- ----------------- --------------------------------------------------------------------------------------------------------------------------------------------------- ------------
  38    Male     Fever, chill, dark colored urine, light colored stool                  Yes                ALT, AST, bilirubin, r-GT, ALP            Normal            Mild portal inflammation, mild duct injury, mild ductular proliferation, focal endotheliitis, cholestasis                                           \[[@R15]\]
  25    Male     Fever, chill, dark colored urine, abdominal pain, jaundice, pruritis   Yes                ALT (sl), AST (sl), bilirubin, ALP (sl)   Normal            Bland cholestasis (histologic image not provided)                                                                                                   \[[@R16]\]
  52    Male     Jaundice                                                               Yes                ALT (sl), AST (sl), bilirubin, ALP        Normal            Canalicular cholestasis, mixed portal inflammation, duct injury, mild ductular proliferation, mild lobular injury (histologic image not provided)   \[[@R17]\]
  70    Male     Jaundice, nausea, fatigue, weight loss                                 Yes                AST (sl), bilirubin, ALP                  Normal            N/A                                                                                                                                                 \[[@R08]\]
  58    Male     Jaundice                                                               Yes (repeat use)   ALT, AST, bilirubin, ALP, ammonia         Normal            N/A                                                                                                                                                 \[[@R12]\]
  47    Male     Dark colored urine, pruritis, fatigue                                  Yes (repeat use)   ALT, AST, bilirubin, ALP                  Liver steatosis   N/A                                                                                                                                                 \[[@R13]\]
  31    Male     Fever, dark colored urine, malaise, fatigue                            Yes                ALT, AST, bilirubin, ALP                  N/A               N/A                                                                                                                                                 \[[@R30]\]

LFT: liver function test; ALT: alanine aminotransferase; AST: aspartate aminotransferase; r-GT: gamma-glutamyl transferase; ALP: alkaline phosphatase; N/A: not available; Ref: reference; sl: slight abnormality.

Herein we report a case of granulomatous hepatitis pattern injury associated with kratom use. Liver function tests and overall clinical improvement after discontinuation of kratom support that it's most likely the offending agent. Although the patient discontinued nettle leaf supplements and oral contraceptive at the same time, these are less likely to be the culprits as she has been taking the supplements for many years prior to the presentation, and granulomatous hepatitis pattern injury would be highly unusual in the setting of oral contraceptive use \[[@R32]\]. Given the lack of fibrosis and features of autoimmune hepatitis in the liver biopsy in conjunction with normal IgG, underlying chronic liver disease such as autoimmune hepatitis is also less likely.

There are limited data regarding liver injury associated with ketogenic diet. Elevation of transaminases and steatosis has been reported in animal and human studies, but cholestatic liver injury has not been described \[[@R33]\]. Cholestatic pattern injury, sometimes mixed with hepatocellular pattern injury, appears to be a common biochemical abnormality at presentation when kratom toxicity manifests in the liver. Histologically, all four biopsies including our case showed cholestatic pattern liver injury including cholestasis in three cases, and duct injury in three including our case, with relative sparing of the lobules \[[@R15]-[@R17]\]. Thus, it would be prudent to consider potential DILI when dealing with a liver biopsy in which the predominant injury pattern does not coincide with that of liver function tests. Alternatively, of course, the discrepancy between the histology and liver function tests in our case may be due to preprocedural steroid treatment that may have ameliorated the lobular hepatitis component more than the bile duct injury. Our case had another layer of challenge as the kratom use history was not available at the time of liver biopsy and histologic features mimicked PBC, which was not described previously in association with kratom use.

The finding of granulomas in a liver biopsy brings up a multitude of differential diagnosis including infection, foreign-body induced granulomas, PBC, drug-mediated injury and sarcoidosis. Also, vasculitis-related disorder such as Wegener granulomatosis and Sjogren syndrome may be a cause of liver granuloma. Patients with Hodgkin's and non-Hodgkin's lymphoma may develop granulomas as well \[[@R34]\]. Therefore, it would be crucial to obtain pertinent clinical histories including any drug/herbal supplement history and clinically correlate these with biopsy findings.

Kratom use and its side effects are drawing attention of the general public due to recent news article coverage \[[@R35]-[@R37]\]. With the increased awareness, additional kratom-induced hepatic injury cases are likely to be encountered and discovered. Our case and previous reports highlight the importance of thorough history taking, interdisciplinary approach and communication for optimal patient care.
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